The distribution and dissipation of alachlor [2-chloro-2′,6′-diethyl-N-(methoxymethyl) acetanilide], atrazine (2-chloro-4-ethylamino-6-isopropylamino-1,3,5 triazine), and metribuzin [4-amino-6-(1,1-dimethylethyl)-3-(methylthio)-1,2,4-triazin-5(4H)-one] in soil were studied in 1990, 1991, and 1992. Crop management practices included four tillage methods-chisel plow, moldboard plow, no-till, and ridge-till-and two crop rotations-continuous corn (Zea mays L.) and a corn-soybean [Glycine max (L.) Merr.] rotation. All herbicides were broadcast-spray applied with no incorporation. No-till plots had the smallest amounts of alachlor and metribuzin, whereas ridge-till plots had the smallest amounts of atrazine. Moldboard-plow plots usually contained the highest amounts of all three herbicides, although ridge-till plots had the highest metribuzin levels in 1992. These differences were seldom significant at the 0.05 level of probability, however. Throughout the growing season, 50 to 84% of the alachlor and metribuzin were retained in the top 10-cm layer of soil, and at least 68% of the atrazine was retained in the top 20 cm. From 84 to 98% of the herbicide applied was lost each year, probably by microbial degradation and, for alachlor, by volatilization after application. in soil were studied in 1990, 1991, and 1992. Crop management practices included four tillage methods-chisel plow, moldboard plow, no-till, and ridgetill-and two crop rotations-continuous corn (Zea mays L.) and corn-soybean [Glycine max (L.) Merr.] rotation. All herbicides were broadcast-spray applied with no incorporation. No-till plots had the smallest amounts of alachlor and metribuzin, whereas ridge-till plots had the smallest amounts of atrazine. Moldboard-plow plots usually contained the highest amounts of all three herbicides, although ridgetill plots had the highest metribuzin levels in 1992. These differences were seldom significant at the 0.05 level of probability, however. Throughout the growing season, 50 to 84% of the alachlor and metribuzin were retained in the top 10-cm layer of soil, and at least 68% of the atrazine was retained in the top 20 cm. From 84 to 98% of the herbicide applied was lost each year, probably by microbial degradation and, for alachlor, by volatilization after application. First-order half-lives were 36 d for alachior, 55 d for atrazine, and 32 d for metribuzin. A two-compartment model better fitting the alachior data returned a half-life of 24 d for that herbicide.
C
OMPARED with chlorinated hydrocarbon pesticides like DDT, pesticides commonly used today are less acutely toxic to humans, do not accumulate in the food chain, and dissipate more rapidly in the surface soil layer (Hallberg, 1989) . But their unexpected mobility through root-zone soil has allowed pesticides to migrate into shallow groundwater supplies, so groundwater contamination by agricultural pesticides is now colmnon. From 1988 through 1989, it was estimated that 11.1 to 16.2% of all private, rural wells used for drinking water in Iowa were contaminated with at least one pesticide, and 1.2% had pesticide concentrations above USEPA health advisory levels (Iowa Dep. of Natural Resources, 1990, unpublished report) . Atrazine (2-chloro-4-ethylamino-6-isopropylamino-l,3,5 triazine) was the most frequently detected compound in this and other groundwater studies (Hallberg, 1989) . The chronic effects to humans from constant, low-level dosages of agricultural pesticides are not well known, but many people, especially those in rural farming regions, are exposed. To better predict the amounts and types of pesticides that are likely to leach into groundwater, a clear understanding of the dissipation and distribution of these pesticides in soil is necessary.
In the 1960s, pesticide mobility was not expected because water and chemicals were thought to move through the soil by matrix flow, a slow displacement of water through soil pores. If so, most pesticides in use today would dissipate in the surface soil long before they would reach a groundwater aquifer. Recent studies have shown, however, that pesticides can quickly enter subsurface soil and shallow groundwater by flowing with infiltrating water through cracks, worm and root holes, and other macropores in unsaturated, structured soil (Gish et al., 1991a; Kanwar, 1991; Starr and Glotfelty, 1990; Steenhuis et al., 1990) or through finger or funnel flow in sandy, unstructured soils (Baker and Hillel, 1991; Kung, 1993; Rice et al., 1991; Steenhuis and Parlange, 1991) . Since tillage disturbs preferential flow pathways, no-till or minimum-till practices may enhance preferential water flow and pesticide movement compared with conventional tillage (Gish et al., 1991a; Sadeghi and Isensee, 1992) .
The rate at which a pesticide dissipates in the soil is influenced by many factors, including the method of pesticide application, the chemical and biological properties of the soil, and the soil management history. Applying a pesticide to the soil surface without incorporation, which is typical practice for no-till or minimum-till cropland, can increase the amount of pesticide leaching shortly after application (Baker, 1992; Gish et al., 1991b; Hallberg, 1989; Rice et al., 1991; Starr and Glotfelty, 1990; Steenhuis et al., 1990) . After some pesticides migrate into no-till surface soil, however, they may be adsorbed and degraded more quickly than in conventionally tilled soil, since no-till soil contains more organic material in the surface layer and supports a larger and more active microbial population (Fermanich and Daniel, 1991; Locke and Harper, 1991) . Helling et al. (1988) felt fast rate of alachlor [2-chloro-2',6'-diethyl-N-(methoxymethyl) acetanilide] degradation prevented it from leaching as deeply as atrazine. Alachlor dissipated faster in no-till plots compared with moldboard-plowed and disked plots, but metribuzin [4-amino-6-(1,1-dimethylethyl)-3-(methylthio)-l,2,4-triazin-5(4H)-one] dissipation not affected by tillage (Jones et al., 1990) . Locke and Harper (1991) found, however, that metribuzin dissipated more rapidly in surface soil amended with soybean residue compared with unamended surface soil. Atrazine was leached into deeper soil layers by frequent precipitation shortly after application, but its rate of dissipation in the soil was not affected by tillage (Gish et al., 1991a) .
Abbreviations: PETG, polyethylene terephthalate, glycol-modified; SE, standard error; CV, coefficient of variation; FO, first-order; 2CM, twocompartment model; NT, no-till; RT, ridge-till; MB, moldboard-plow; SSE, sum of squares due to error; a.i., active ingredient. 
soybean-corn.
The distribution of atrazine in no-till and conventionally tilled soil was better correlated to surface topography than to tillage practice (Sadeghi and Isensee, 1992) . The overall objectives of this field-scale study were to evaluate whether tillage methods affected the distribution of alachlor, atrazine, and metribuzin in root zone soil and to determine the overall dissipation rates of these chemicals under field conditions.
MATERIALS AND METHODS

Experimental Site
The experimental site at Iowa State University's Northeast Research Farm near Nashua, IA, was first developed in 1977 to evaluate tillage and crop rotation effects on crop yield and on weed and insect populations. The site included 36 plots; each plot was 0.4 ha (58 by 67 m). The four tillage systems were chisel plow, moldboard plow (MB), no-till (NT), ridge-till (RT), and the two crop rotations were continuous corn and both current-year corn and current-year soybean crops in a corn-soybean rotation. Each treatment of crop rotation and tillage system was replicated three times in a randomized complete block design, and each plot received the same tillage and crop rotation treatment from 1977 through 1992 (Fig. 1) . By 1988, tillage had significantly affected soil properties including pH and total C and N contents (Table 1; Karlen et al., 1991) .
To reduce the effect of seasonally high water tables on crop yields, subsurface drain lines were installed in 1979 along the centedine of each plot and on both borders that parallel the plot centerline. The lines were located approximately 1.2 m below the soil surface, and the water table during growing seasons with average or above average precipitation was generally at or above this depth. The water quality monitoring program at the Nashua site was added in 1988, when the drain line in the center of each plot was intercepted so the water draining from the center region of each experimental plot flows to its own sump (Fig. 2) . As water accumulated in the sump and was periodically pumped to the main drain line, a flowmeter recorded the cumulative pumped volume. The flow measurements for all plots were recorded once a week.
In addition, an orifice and sampling line were installed on the discharge line of each pump, so about 0.2% of the water flow was diverted to a sample bottle. The sample bottles were collected once a week, and also after every 2.5 cm or larger rainfall occurring up to 60 d after herbicides were applied. Water samples were kept refrigerated until analysis. The herbicide concentrations in the weekly samples were combined with the flow measurements to provide weekly measurements of herbicide leaching into the subsurface drain system. The samples collected after rainfall events were used as nonquantitative indicators of herbicide leaching with preferential flow. More information on the design and management of the water quality monitoring program at this site is given by Kanwar (1991) .
Since 1977, alachlor, atrazine, and metribuzin were broadcast-spray applied in one pass over each plot immediately after planting, with no subsequent incorporation ( Table 2) . Alachlor was applied to all plots at a rate of 2.2 kg ha -t active ingredient (a.i.), atrazine at a rate of 2.8 kg -~ a.i. only tocon tinuous corn plots, and metribuzin at a rate of 0.45 kg ha -~ a.i. only to rotation soybean plots. The formulations used were an emulsifiable concentrate with 480 g L -t a.i. (4 lb gal -t a.i.) for alachlor, a liquid concentrate with 480 g L -~ a.i. for atrazine, and a dry-flowable powder with 75% a.i. for metribuzin. These herbicides vary in their chemical properties; alachlor is most strongly adsorbed, atrazine has the lowest vapor pressure, and metribuzin has the greatest water solubility (Table 3) .
The soils at the Nashua site are Floyd loam (fine-loamy, mixed, mesic Aquic Hapludolls), Kenyon loam (fine-loamy, mixed, mesic Typic Hapludolls), and Readlyn loam (fineloamy, mixed, mesic Aquic Hapludolls) (Karlen et al., 1991) . These soils belong to the Kenyon-Clyde-Floyd soil association, a group of loamy to silty soils that are moderately well to poorly drained and lie over loamy glacial till (USDA-SCS, 1977) (Table 4) .
Soil Sampling Procedures
In 1990, soil samples were collected during the growing season on 30 May and 25 September and after harvest on 30
October. Rainy weather did not allow soil samples to be collected before chemicals were applied. In 1991, samples were collected on 11 May before chemical application, during the growing season on 18 June and 23 September, and after harvest on 13 November. In 1992, samples were collected on 29 April before chemical application, during the growing season on 23 June and 18 September, and after harvest on 21 October (Table 2) .
Any effects of the subsurface drain line and the plot edges were minimized by collecting soil cores from the center 25 % of each plot, avoiding the center row overlying the drain line. The three coring locations in each of the plots were consistently spaced across this sampling area. A hand sampler was used to remove cores 100 to 180 cm long and 2.5 cm in diam. from row centers. The amount of soil compaction was measured at 30-cm increments for each core. As the sampler was pushed into the soil, the core slid into a clean liner made of PETG (polyethylene terephthalate, glycol-modified) plastic to protect the soil from contamination. The resulting opening in the soil was plugged with bentonite clay granules. Soil cores were frozen promptly after collection. Later, each of the three cores from a plot was cut, compensating for soil compaction, into sections. In 1990, 180 cm long cores were divided into sections representing 0-to 10-, 10-to 20-, 20-to 30-, 30-to 45-, 45-to 60-, 60-to 90-, 90-to 120-, 120-to 150-, and 150 -to 180-cm depths. These longer cores were collected mainly to assess the nitrate content in the deeper soil layers. In 1991, 100 cm long cores were divided into sections representing 0-to 10-, 10-to 20-, 20-to 30-, 30-to 45-, 45 -to 60-, and 60-to 100-cm depths. In 1992, 120 cm long cores were divided similarly to the 1990 cores. The sections were combined into one set of samples for each plot. Each sample was wrapped in aluminum foil, sealed in a labeled polyethylene bag, and then refrozen for transportation and storage. 
Sample Analysis
Amounts of alachlor, atrazine, and metribuzin in the soil and water samples were determined by the National Soil Tilth Lab, Ames, IA, following standardized, highly automated procedures. Metabolic products of these herbicides were not quantified.
Water samples were analyzed for herbicides by adding propazine surrogate to a 250-mL sample, then passing the sample through an Analytichem International C-18 cartridge, which adsorbs organic compounds, including the herbicides of interest. The herbicides and surrogate were eluted from the cartridge with 2 mL of ethyl acetate that contained internal standards. The herbicide concentrations in the ethyl acetate solution were quantified by mass spectroscopy. The minimum detection limit for herbicides in water samples was 0.2 mg kg -~ a.i.
To analyze soil samples for herbicides, a weighed sample of soil was vortexed 5 min with an extraction solvent (4:1 v/v methanol and water). After equilibrating for 12 h, the mixture was centrifuged and the methanol-water solution was decanted. More extraction solvent was added to the soil, the mixture was again vortexed for 2 rain and centrifuged, and the solvent was decanted. The entire volume of extraction solvent was then reduced to 3 mL or less by evaporation at 50°C in a N2 atmosphere. The herbicides were adsorbed from the solvent with an Analytichem International C-18 cartridge, then were selectively eluted from the cartridge with ethyl acetate, which contained an internal standard of 0.55 ng mL -1 terbuthylazine [1,3,5-triazine-2,4-diamine, 6-chloro-N-(1,1-dimethylethyl]-N'-ethyl-terbuthylazine]. Herbicide concentrations in the ethyl acetate were quantitated by a capillary gas chromatograph with an NP detector and helium carrier. The results were reported as mg kg-' a.i. on a dry-soil basis. The minimum detection limit for herbicides in soil samples was 5 mg kg-' a.i. In a 10 cm deep layer of soil, 5 mg kg-' a.i. is equivalent to 6.8 to 9.0 g ha -' a.i. for a corresponding soil bulk density range of 1.35 to 1.80 gcm -3 (Table 4) . Ten percent of all soil samples extracted and analyzed by the National Soil Tilth Lab were controls that were spiked a minimum of 15 h before initial extraction with 10, 50, or 100 mg kg -~ a.i. of the herbicides of interest. In addition, all soil samples were spiked with 10, 50, or 100 mg kg -1 of terbutryn [1,3,5-triazine-2,4-diamine, N-(1,1-dimethylethyl)-N'-ethyl-6-(methylthio)-terbutryn] surrogate shortly before extraction. Typically, control recoveries for all three spike amounts have averaged 77% with a 1.6% standard error of the mean (SE) for alachlor, 93% with a 2.0% SE for atrazine, 88% with a 1.6% SE for metribuzin, and 84% with a 1.6% SE for terbutryne. No adjustments were made to the data to specifically account for analytical variability, since this variability is much smaller than the overall variability among samples. No correction for less than 100% recovery was applied either, since more error is potentially introduced by applying averaged recoveries for control samples to analyses of specific samples. Long-term studies by the National Soil Tilth Lab have shown no detectable change in herbicide levels while soil cores are held in frozen storage.
Statistical Analysis
All laboratory results were converted from mg kg -1 a.i. to a kg ha -1 a.i. basis using appropriate unit conversions and the bulk soil density for the appropriate depth range and predominant soil type in each plot. The tillage mean, overall mean, and standard error of the mean (SE; equal to the standard deviation divided by the square root of the number of observations), and coefficient of variation (CV; calculated as the standard deviation divided by the mean) were calculated for all depth ranges and sample times. The tillage averages for each sampling time and depth range were tested for significant differences by calculating t-test values for all pairs of tillages (Steel and Torrie, 1980) using an overall probability level 0.05 and assuming unequal variances. Only some of the data are available for the October 1990 sample set, since the herbicide analyses were not fully completed. Tillage-specific comparisons could not be done for the May and June 1991 sample sets since tillage and treatment information was not available.
Because the herbicide content in the 90-to 100-cm range was consistently negligible, 1990 and 1992 data from the 0-to 90-cm depth range were directly compared with 1991 data from the 0-to 100-cm depth range.
Half-Life Calculations
Pesticide dissipation in soil is often assumed to be a firstorder reaction (Gish et al., 1991b; Paul and Clark, 1989) Hill and Schaalje (1985) developed a two-compartment model (2CM) that allows for rapid dissipation of a pesticide shortly after application, followed by a slower, first-order degradation rate. Pesticide applied to the soil is initially assigned to the first compartment where the pesticide either dissipates at a rate determined by coefficient ks or migrates into the second compartment at a rate proportional to coefficient kr. Once in the second compartment, the pesticide dissipates at a rate controlled by coefficient kd. The mathematical form of the 2CM derived by Hill and Schaalje (1985) C = Co e -(~ + k,)t +
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The half-life for pesticide dissipation following this model is most easily determined by inspecting the model output to find the time when the pesticide has dropped to half of the amount applied. The amounts of 2.285 kg ha -1 alachlor, 3.351 kg ha -1 atrazine, and 0.457 kg ha -t metribuzin in the 100-cm soil profile on the day of application were estimated by combining the herbicide application rate with the average herbicide levels for the 11 May 1991 and 29 Apr. 1992 sample sets. These sets had been collected just before herbicides were applied. The estimated initial herbicide amounts were combined with data collected from all years to calculate the half-life of each herbicide using FO and 2CM models.
RESULTS AND DISCUSSION
Tillage Effects on Herbicide Levels
Shortly after herbicide application, the rainfall pattern and soil temperature may interact with tillage to alter herbicide dissipation rates. In 1990, during the period between herbicide applications to corn and soybean plots and for 30 d afterward, the 10-cm deep soil temperature averaged 17°C (Fig. 3) . There was little rain until 2 after herbicides were applied to soybean plots; then a total of 136 mm fell within a 2-wk period (Fig. 4) . During the same period in 1991, the soil temperature averaged 25 °C, and a total of 183 mm precipitation was recorded, of which 49 mm fell between the herbicide applications and 125 mm fell 3 to 8 d after herbicide was applied to soybean plots. For the same interval in 1992, only 49 mm of rain fell in amounts of 20 mm or less, starting 4 d after herbicides were applied to soybean plots. The average soil temperature was 19°C. Although the rainfall patterns varied among the 3 yr, NT plots consistently had the smallest average amounts of alachlor and metribuzin, while RT plots had the smallest amounts of atrazine (Tables 5-8 ). Moldboard-plow plots usually contained the highest average amounts for all three herbicides, although RT plots had the highest metribuzin levels in 1992. The statistical analysis generally supported these trends, but differences between tillages were seldom significant at the 0.05 level of probability.
The variable nature of the data contributed to this lack of significance. In the 100-cm soil profile, all CV values for alachlor applied to corn plots were between 25 and 80%, and all CV values for alachlor on soybean plots ranged from 2 to 90%. About 85% of the CV values for atrazine were between 5 and 50%. The remaining atrazine CV values ranging from 70 to 130 % were mostly for data from RT plots. For metribuzin, two-thirds of the CV values fell between 1 and 50%. The remainder of the metribuzin CV values ranged from 90 to 170%. Metribuzin data for NT and RT plots most often had the larger CV values.
Similar CV values and lack of significant tillage effects have been reported for atrazine in soil. Sadeghi and Isensee (1992) attributed CV values ranging from to 237 % mainly to changes in surface topography and relatively little to rainfall patterns or tillage. Gish et al. (1991a) felt the highest CV values in an overall range of 56 to 245 % were caused by preferential flow that washed atrazine into a small portion of the soil volume. At the Nashua site, smaller average alachlor and atrazine levels in NT and RT soil show that these tillages did increase the rate of herbicide dissipation compared with MB tillage.
Somewhat higher CV values suggest that atrazine and metribuzin distribution may also be more uneven in NT and RT soil, although this has not been confirmed. Experiments to evaluate the effects of surface topography and macropore network on the herbicide distribution in the soil may be more useful at this site than additional studies focusing strictly on tillage.
Herbicide Distribution with Time and Depth
For all years and tillages, 84 % of the alachlor, 70% of the atrazine, and 82 % of the metribuzin present in the soil profile were retained in the top 10 cm up to 48 d after application (Fig. 5 and 6) . Analyses of samples taken in September (108 to 146 d after herbicide application) showed that only 5 % of the alachlor applied, 20 of the atrazine applied, and 5 % of the metribuzin applied still remained in the soil. But at least one-half of the alachlor and metribuzin in the 100-cm soil profile at this time was still retained in the top 10-cm layer. Atrazine had migrated somewhat deeper, with 68% of the total remaining in the top 20 cm.
Of the alachlor and metribuzin applied each year, 92 to 98 % was gone from the soil profile by the postharvest sampling time (159-181 d after application), regardless of tillage (Fig. 5 and 6 ). On the average, 84% of the atrazine applied each year was also gone by the postharvest sampling time (Fig. 6) . Since atrazine dissipated more slowly and was applied at a higher rate, an average of 0.551 kg ha -1 of atrazine was carried over into the next growing season, compared with 0.085 kg ha -~ of alachlor and 0.007 kg ha -1 of metribuzin carryover.
Long-term biological degradation was most likely the Table 6 . Average alachlor content in the 0-to 100-cm soil profile for all tillages and sampling times in soybean plots. Groups of tillages with no letters have no significant differences at the 0.05 level overall. Tillages followed by dissimilar letters (a, b, or c) main dissipation process for the herbicides, but volatilization shortly after application may also have been a significant pathway for alachlor dissipation (Beestman and Deming, 1974; Chesters et al., 1989; Helling et al., 1988) . Herbicide dissipation may have occurred by such secondary processes as surface water runoff, leaching, soil erosion, chemical degradation, plant uptake, photodegradation, and irreversible sorption to clay minerals or soil organic matter (Baker, 1992; Chesters et al., 1989) . Although the total amount of herbicide that leached into the subsurface drain system was often significantly larger in NT plots, only 0.0002 to 0.10% of the alachlor, 0.02 to 0.35% of the atrazine, and 0.14 to 0.87% of the metribuzin applied each year reached the subsurface drain system, regardless of tillage. Most of this leaching occurred in the first month after application (R.S. Kanwar et al., 1993, unpublished report). The soil sample data sets for all plots do not indicate that a large amount of concentrated herbicide solution was displaced deeper into the soil by matrix water flow (data not shown). These observations suggest that matrix displacement involved only dilute herbicide solutions, and that preferential flow leached small amounts of concentrated herbicide solution only for a short time after herbicides were applied.
The amount of water infiltration that bypasses the subsurface drain system has not been determined, so the total amount of herbicide leaching at this site is not known. But even if bypass leaching increases the amount of herbicide removed from the surface soil by an order of magnitude, this would still account for 10% or less of the yearly herbicide loss from the 100-cm soil profile. For comparison, 9 % of the atrazine applied to NT plots was estimated to have leached into 1 m deep groundwater, while leaching from conventionally tilled plots was estimated to be negligible (Gish et al., 1991b) . This amount of leaching loss may be significant from a water quality standpoint, but it is a minor loss compared with the total Table 7 . Average atrazine content in the 0-to 100-cm soil profile for all tillages and sampling times. Groups of tillages with no letters have no significant differences at the 0.05 level overall. Tillages followed by dissimilar letters (a, b, or c) amount of each herbicide that is applied to and dissipates from the soil each year.
Herbicide Dissipation Rates
The calculation of half-life values for the three herbicides was based on the overall average amounts of each herbicide in the 0-to 100-cm soil profile for all 3 yr. First-order half lives were calculated two ways: by using all data including the preapplication early spring data (0-374 d after application) and by using the growing season data collected only in the summer and fall (0-181 d after application). Figure 7 shows the FO model based on all data greatly underpredicts the amounts of all three herbicides in the soil during the first 100 d after application.
The growing season FO model is more satisfactory; the atrazine and metribuzin half-lives are comparable to published values, and the sum of squares due to error (SSE) for all herbicides has decreased (Table 9) . half-lives of 55 d for atrazine and 32 d for metribuzin are also similar to findings from other studies. The growing season FO model, however, underestimates the carryover of atrazine into the next growing season and still underpredicts the alachlor content in the soil during the first 50 d after application.
The two-compartment model (Hill and Schaalje, 1985) best fits the dissipation of alachlor. All data were used to determine model parameters. The alachlor half-life of 24 d calculated from the 2CM is comparable to other published values. The 2CM structure also provides a reasonable process of alachlor dissipation: rapid initial volatilization of the surface-applied herbicide followed by slower microbial degradation. The SSE values indicate the more complicated 2CM is not an improvement over the growing season FO model for atrazine and metribuzin, however, particularly during the growing season. 
SUMMARY AND CONCLUSIONS
Tillage had little significant effect on the overall distribution and dissipation of alachlor, atrazine, and metribuzin in the soil, although no-till plots tended to have the smallest amounts of alachlor and metribuzin in the soil, and ridge-till plots tended to have the smallest amounts of atrazine. Moldboard-plow plots usually had Table 9 . Experimental herbicide half-lives, t0.s.
the largest amounts of all three herbicides. Throughout the growing season, 50 to 84% of the alachlor and metribuzin was retained in the top 10-cm soil layer, while at least 68 % of the atrazine was found in the top 20 cm. The best-fit half-lives of 24 d for alachlor, 55 d for atrazine, and 32 d for metribuzin were comparable to those reported for other studies, although a first-order degradation model fitted to all of the data poorly described the initial dissipation of each of the herbicides. Future studies at this site to characterize the spatial and temporal distribution of herbicides in the soil may be more useful than those based strictly on tillage comparisons.
